Procedures are described for the detection and isolation of plasmids of various sizes (2.6 to 350 megadaltons) that are harbored in species of Agrobacterium, Rhizobium, Escherichia, Salmonella, Erwinia, Pseudomonas, and Xanthomonas. The method utilized the molecular characteristics of covalently closed circular deoxyribonucleic acid (DNA) that is released from cells under conditions that denature chromosomal DNA by using alkaline sodium dodecyl sulfate (pH 12.6) at elevated temperatures. Proteins and cell debris were removed by extraction with phenol-chloroform. Under these conditions chromosomal DNA concentrations were reduced or eliminated. The clarified extract was used directly for electrophoretic analysis. These procedures also permitted the selective isolation of plasmid DNA that can be used directly in nick translation, restriction endonuclease analysis, transfornation, and DNA cloning experiments.
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To determine whether a given bacterium harbors plasmids, it is necessary to isolate DNA by plasmid isolation procedures. Chromosomal and plasmid DNA are often obtained from cells that are treated with lysozyme and lysed with a detergent. The DNAs are freed of RNA and proteins by RNase and protease treatments that are followed by extraction with phenol. Just before phenol extraction, the plasmid DNA is released from the folded chromosomal complex by a shearing step or by RNase treatment. The plasmid DNA can be resolved as covalently closed circular molecules by isopycnic centrifugation in cesium chloride containing ethidium bromide (25) .
To avoid such time-consuming steps, rapid techniques were reported for resolving plasmid and recombinant DNA in Escherichia coli (1, 3, 10, 14, 20, 21, 28) , Salmonella spp. (31) , Rhizobium meliloti (6) , Agrobacterium tumefaciens (6) , Pseudomonas spp. (6, 10, 24) , Bacillus subtilis (10) , and Neisseria gonorrhoeae (10) . Such techniques still require partial purification steps that we viewed as unessential and time consuming. For example, selective precipitation of chromosomal complexes by centrifugation (2) or by adding salts or organic solvents (12) seems unnecessary and complicated. Furthermore, very large plasmids like those in Agrobacterium species (6, 9) were irreproducibly recovered by these precipitation steps (P. F. Lurquin and C. I. Kado, unpublished data).
To circumvent these problems, it was necessary to review the differences in plasmid DNA structure relative to linear DNA, RNA, and proteins that were the masking contaminants.
The result of this review allowed us to develop an efficient reproducible method that utilized the least time and was applicable to many different bacteria. In the present report we describe a protocol for the detection of plasmid DNA within 3 to 4 h from either a small broth culture or a single colony of bacterial cells. We have also developed a procedure to circumvent the use of dye-buoyant density equilibrium cesium chloride centrifugation for the purification and isolation of plasmids.
An outline of the protocol was distributed at the annual meeting of The American Society of Biological Cheniists, New Orleans, 1 to 5 June, 1980, and appeared in abstract forn (Fed. Proc. 39:2013 , 1980 .
MATERIALS AND METHODS
Bacterial strains and culture conditions. Strains of A. tumefaciens were obtained as follows: strain lDl (ATCC 15955) was from J. E. DeVay, strain ACH-5 was from J. Schell, strain C-58 was from R. Dickey, strains 1D135 and 1D1422 were isolated in our laboratory, strain NT1 was from M.-D. Chilton, and strain IIBNV6 was from J. Lippincott. Agrobacterium radiobacter 22 
RESULTS
Rapid lysis. Unlike E. coli, bacteria of the Rhizobiaceae and other Enterobacteriaceae such as Erwinia spp. and members of the Pseudomonadaceae are difficult to lyse adequately to insure reproducible recovery of intact plasmids. Lysis methods employing lysozyme in an isotonic buffer were unsuitable because good lysis seemed to depend on the stage of cell growth and on the temperature and length of incubation. Limitations were also experienced as variations in lysozyme activity depended on the commercial source of the enzyme. The enzyme had to be freshly prepared, and the incubation was time consuming. Surveys made of various described techniques generally showed reliance on lysozyme and, in some cases, proteinase and RNase followed by lysis with detergents such as Triton X-100 or SDS or by use of phenol. Heat shock or alkali treatment of the lysozyme-or detergent-treated cells seemed to aid in plasmid recovery (1, 3, 6, 13) . We have investigated several of these parameters and have arrived at the following conclusions. Cells do not require washing after harvesting. They should be thoroughly suspended in a buffer of low ionic strength. The E buffer described above that was used for electrophoresis was used to suspend the cells. Generally, pelleted cells from a 3-ml broth culture were suspended in 1 ml of E buffer, and cells from a single colony scraped from an agar plate were suspended in 50 pd of the same buffer. Lysis was accomplished by the addition of two volumes of 3% SDS (in 50 mM Tris-hydroxide, pH 12.6). Usually members of the Enterobacteriaceae gave lysates that quickly cleared, whereas those of the Rhizobiaceae and Pseudomonadaceae remained slightly turbid. Sodium lauryl sarcosinate (3%) can be substituted for SDS when plasmid DNA is prepared for large-scale isolation by standard isopycnic centrifugation with cesium chloride-ethidium bromide density gradient procedures (25) .
Clarification by heat treatment. Immediately after the addition of the alkaline SDS solution, the mixture was incubated at 50 to 650C and then extracted with unbuffered phenol-chloroforn (see below). The temperature treatment was essential for eliminating the "feathery" effect of chromosomal DNA commonly observed in agarose gels after electrophoresis and may be extended to eliminate chromosomal DNA altogether (Fig. 1) . The temperature treatment also quickly eliminated RNA, which migrated faster than DNA and was usually positioned in the gel nearest the anode (compare lanes 1 and 2 in Fig. 1 ). RNA in a plasmid preparation of X. vitians was completely eliminated by heating for 5 min at 650C. Linear DNA mainly composed of chromosomal DNA was minimized by the temperature treatment and became imperceptible after 72 min of incubation at 650C. By contrast, plasmid DNA was concentrated for maximum visualization. Such a plasmid band could be dissected from the gel and eluted by one of several techniques (4, 29) . For E. coli, the 550C treatment was important. Usually Plsnids harbored in Pseudomonas species were equally well resolved by these procedures (Fig. 6 ). Cryptic plasmids in various randomly selected plant pathogenic Pseudomonas species were uncovered. Table 1 summarizes various plasmids that were resolved in different bacteria, including some species in which plasmids remained undetected.
Application to resolving recombinant plasmid DNA. The Ti plasmid of A. tumefaciens C-58 was digested with restriction endonuclease Sall and ligated with plasmid pBR325, a cloning vector described by Bolivar (5) . omitted since plasmids in cloning experiments are small enough to migrate beyond the chromosomal DNA. Even without the heat treatment the chromosomal DNA was much reduced in intensity. Some lanes in the agarose electrophoretogram showed more than one band due to the presence of multimeric plasmid species that occur with pBR325, a feature not unusual for this and related plasmid vectors (17) . rose gel electrophoresis. The 120-Mdal Ti plasmid of A. tumefaciens as well as the mini-Ti plasmid of 28.7 Mdal were stably maintained, as were the multi-cryptic plasmids harbored in E. stewartii SW2 (Table 2) .
Plasmid isolation for cloning, nick translation, and restriction analysis. Plasmids isolated by this procedure were suitable for direct use in transformation experiments, for restriction analysis, and for cloning and could be labeled by nick translation. Illustrated in Fig. 8 is a typical agarose gel electrophoretogram of E. coli plasmid pTL2015, an example of a cloned restriction fragment of pTi1422 of 16.7 kilobase pairs, that was purified by the rapid procedure and was digested with restriction endonuclease SalI. Note that there was no detectable smearing as would be expected if traces of chromosomal DNA were contaminating the preparation. These restriction fragments readily ligated to the cloning vector pBR325 as expected. Furthermore, recombinant plasmids yielded transformants with a frequency equal to that yielded by using plasmid from dye-cesium chloride density gradient procedure; that is, a frequency of -175 10-was obtained. Therefore, the rapid purifi--70 cation method expedited plasmid DNA cloning -53 experiments. The plasmid prepared by this -34 method was also used for nick translation with -19 good results (data not shown). With large Agro-I -069 bacteriun spp. Ti plasmids, the precipitation of -169 piasmid DNA was unnecessary. The aqeuous phase after phenol-chloroform extraction was (Fig. 5) . We noted, however, that reduced band intensities occurred when disposable pipette tips with small orifices were used. We assume that there was a great deal of mechanical shearing of the plasmids during sample transfer to agarose gels. When this is avoided as outlined in the methods section, our procedure seems applicable to Inc-P1 plasmnids; at least it permits the easy detection of these plasmids. Under the given alkaline conditions, plasmid DNA bands remained unaffected when heated between 50 and 950C for 20 to 30 min. In contrast, chromosomal DNA diminished with time at these elevated temperatures, because of the highly denaturing conditions above pH 11 (7, 26, 32) . DNA primary structure remains relatively stable under such aLkaline conditions, and deprotonation of guanine residues is experienced with guanine-and cytosine-rich DNAs (e.g., Micrococcus lysodeikticus DNA) (26, 32) . The heat treatment permitted complete denaturation and abolishment ofthe secondary structure of linear DNA, which then was unable to renature under the conditions prescribed.
Alternative alkaline treatment methods have required a neutralization step by the careful addition of buffer at low pH (6, 9, 13) . We have had difficulty in obtaining reproducible results owing to irregularities in the neutralization step. We found no real need for a neutralization step, and, in fact, the extraction of the alkaline lysate with unbuffered phenol-chloroform simply lowered the pH to 9.3. This condition maintains plasmid DNA at a most desirable pH (7, 26) , whereby plasmid DNA can be stored for several weeks at 4°C without appreciable deterioration (Table 2 ). We have found that the phenol-chloroform step is necessary, but cannot be used directly for lysis. This step must follow the alkaline SDS lysis step. It is well established that phenol readily extracts proteins and nucleases (27) and therefore serves to extract proteins from the SDS-lysed cells. It also probably helps to remove denatured DNA, since this step is essential for the isolation of plasmid DNA free of chromosomal DNA, particularly with E. coli containing recombinant plasmids. It has been shown (9) that denatured DNA is preferentially entrapped in the precipitate at the interface after extraction with phenol.
The procedure described above is applicable to various bacteria. Undescribed cryptic plas- (15) , and Rhizobium spp. (6, 22, 30) . Furthermore, plasmids in yeast cells were resolved by this procedure (A. Howarth, personal communication). This should facilitate rapid screening of genetically modified yeasts.
Our protocol requires about 3 to 4 h to obtain the results, that is, less than 60 min to obtain the sample for agarose gel electrophoresis and 120 to 180 min for the electrophoresis step. Thus, we routinely screen individual colonies or small broth cultures by this method.
Application of this protocol for the preparative isolation of plasmid DNA in E. coli was shown to be effective. For E. coli the phenol and chloroform were removed by ether extraction, and the plasmid DNA was concentrated by ethanol precipitation and rapid drying under nitrogen. Such DNA preparations are suitable for restriction analysis and are of sufficient homogeneity for use as probes and in cloning experiments. Also, large Ti plasmid DNAs, which have been tedious to prepare, can now be isolated in less than 1 h and used directly for transformation experiments. These procedures may also be applicable for isolating cryptic plasmids from various bacteria heretofore untested.
